Objective: Serotonin reuptake inhibitors are frequently used in first-line treatments for patients with obsessive-compulsive disorder. Nevertheless, many of these patients do not respond well to initial therapy. The hypothesis of glutamatergic dysfunction in specific brain regions has been proposed in the pathophysiology of obsessive-compulsive disorder. This study was designed to evaluate the possible efficacy of lamotrigine, a glutamatergic agent in Serotonin reuptake inhibitors-resistant patients with obsessive-compulsive disorder. Method: This study was a 12-week, double blind, randomized, placebocontrolled trial of adjunctive fixed-doses of lamotrigine (100 mg) to Serotonin reuptake inhibitors therapy in obsessive-compulsive disorder. Eligible subjects who had a total Y-BOCS of 21 or above were randomly assigned to receive adjunctive treatment with either lamotrigine (n = 26), or placebo (n = 27). Response to lamotrigine was defined as clinical improvement (>25% decrease in the total Y-BOCS score), which was administered at weeks 0, 8 and 12. Results: At the endpoint (week 12), significant differences were observed in obsession, compulsion, and total Y-BOCS scores comparing lamotrigine to placebo (P = 0.01, 0.005 and 0.007 respectively). The mean reduction in obsession, compulsion and total scores in lamotrigine group was about 4.15, 4.50 and 8.73, respectively. Similarly, the mean reductions in the placebo group were 2.52, 2.56 and 5.07. Effect sizes for efficacy measureswerecalculatedbyCohen'sd,anditwascalculatedas 0.54 for the total YBOCS. Conclusion: Our findings provide evidence that this augmentation is well tolerated and may be an effective strategy for patients with refractory obsessive-compulsive disorder.
Obsessive-compulsive disorder (OCD) is a debilitating and frustrating disorder. Early onset in adolescence period, chronic course and significant comorbidity with other psychiatric disorders are the main clinical characteristics of this disorder (1) . It affects about 1-3% of the general population. OCD is not a prevalent disorder, but it has a significant impact on the quality of life, interpersonal relationships and daily activities of the affected patients (2) .The main symptoms of OCD are time-wasting obsessions and compulsions (3) . Obsessions include repetitive, intrusive and uncontrollable thoughts, impulses or images; and compulsions include repetitive and stereotyped behaviors or mental acts. The patients do compulsions to reduce the tensions, which are induced by obsessive thoughts (3, 4) . Serotonin reuptake inhibitors (SRIs) and Clomipramine are the first-line medical treatments of patients with OCD. Nevertheless, many patients do not respond well to these agents (5, 6) . Strategies for incomplete responders are switching to another SRI, augmentation with Haloperidol or newer antipsychotics, monotherapy with serotonin-norepinephrine reuptake inhibitors (SNRIs) and monoamine oxidase inhibitors (MAOIs) (3, 7 and 8) . However, therapies aimed at modulating serotonergic and dopaminergic neurotransmitters are accompanied by inadequate response in many cases. Nearly 25% of patients with OCD acquire little or no benefit from the mentioned treatment strategies and continue to experience significant obsessive-compulsive symptoms (9, 10) . Many authors have anticipated that abnormalities in glutamate neurotransmission, especially in the corticostriato-thalamo-cortical circuitry (CSTC), may contribute to OCD. The metabolism of projection neurons of globus pallidus, striatum, orbitofrontal cortex, and some other parts of the CSTC circuitry that are mainly glutamatergic, increases in patients with OCD. The indicator of increased firing of these projection neurons are excessive striatal glutamate measures in MRS studies (11, 12) and increased glutamate levels in the CSF of patients with OCD (13) . The glutamate levels and the mentioned hyperactive parts of the brain become normal after successful treatment (12, 14 and 15) . The hypothesis of glutamatergic dysfunction in specific parts of the brain has been proposed in the pathophysiology of OCD. Accordingly, refractory symptoms of these patients may respond to new augmentation strategies aimed at normalizing glutamatergic neurotransmission dysfunction (11, 14) .The findings of these studies have persuaded many researchers in testing the efficacy of glutamate modulating agents in unresponsive-totreatment patients with OCD (13, 16,17, 18 and 19) . Evidence supports the efficacy of Riluzole (10, 21) , Memantine (18, 22, 23, 24, 25 and 26) , Nacetylcysteine (21, 27) , D-cycloserine (28, 29) and other glutamate-modulating agents (30) in the treatment of patients with OCD. Lamotrigine is a member of sodium channel blocking class of antiepileptic drugs, which is well tolerated. Lamotrigine has been used for the maintenance treatment of bipolar disorder particularly preventing depressive episodes (31) .The neuronal membrane is stabilized by lamotrigine blocking effect on voltage-sensitive sodium channels (32). Lamotrigine inhibits the release of excitatory neurotransmitters, decreases glutamate transmission, and reduces calcium influx. The intracellular mechanisms of resting transmitter release are modified by lamotrigine (15, 32) . There are only a few case reports, case studies and open label trials and only one placebo controlled study on Lamotrigine augmentation of SRI-resistant patients with OCD (5, 33 and 34) . Due to the small sample size and the short-term followup, and the absence of a placebo group, there are some disagreements about the efficacy of this glutamatergic agent in patients with OCD. This study was designed to evaluate the possible efficacy of lamotrigine in a group of SRIs-resistant patients with OCD.
Materials and Method
This was a 12-week, double-blind, randomized, placebo-controlled trial of adjunctive fixed doses of Lamotrigine to treatment regimen of SRIsresistant/unresponsive-to-treatment patients with OCD that was carried out at two outpatient psychiatry clinics in Rasht, the capital of Guilan province, in the north of Iran from May 2014 to Feb 2016. The participants were unresponsive-to-SRIs patients with OCD. We defined unresponsive-to-treatment as persistent obsessive-compulsive symptoms despite two adequate trials, at least 12 weeks for each trial, with two different SRIs (300 mg Fuvoxamine, 80 mg Fluoxetine, 80 mg Citalopram or 200 mg Sertraline). The inclusion criteria were a total score of 21 or above in Y-BOCS (Yale-Brawn obsessive-compulsive scale) (16) , and stable SRIs dosages for at least three months before the study. Patients with any other major psychiatric disorder, mental retardation, significant concurrent medical illnesses, organic brain disorder, history of substance and alcohol abuse and dependency, pregnant or lactating women, and those patients who had received concomitant psychotherapy or any other psychiatric medications were excluded from the study. The cases were selected from two private psychiatry clinics in Rasht. Two board certified psychiatrists interviewed the patients, using the Persian version of structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Axis I disorders (35) . All of the participants met the diagnosis of OCD according to DSMIV-TR diagnostic criteria. In addition, they were defined as unresponsiveto-SRIs by clinical interview, and the two abovementioned psychiatrists reviewed their medical records. An expert professor of clinical psychology reevaluated the patients and carried out Y-BOCS. After the baseline interview and evaluation by psychiatrists and a clinical psychologist, patients fulfilling inclusion criteria were considered for an augmentation trial of a 12-week, double blind, randomized, placebo-controlled trial of adjunctive fixed-doses (100 mg) of Lamotrigine. A psychiatry resident randomly assigned the patients to receive adjunctive treatment with either Lamotrigine or placebo under double-blind conditions and allocated them to parallel groups, which was determined by pre-randomized codes generated by a computer. She kept the randomization list secure during the study. The psychiatrists and the clinical psychologist, who assessed and treated the patients, were unaware of the patient assignment list until the end of the study. Patients were not notified about their medications. To ensure blindness, the psychiatry resident had no role in the treatment or data collection. Lamotrigine and placebo were dispensed in identical pills and both groups took equal numbers. According to treatment guidelines, routine follow-ups and clinical monitoring were enough. Plasma levels of Lamotrigine were not assessed. The patients were educated and warned about any possible medication side effects. In addition, they received instruction papers and a mobile phone number for necessary situations. The side effects were easily diagnosed and controlled. The prescribed dose of Lamotrigine in this study was one-half of the recommended dose in bipolar disorder and the drug was titrated up slowly. Lamotrigine increased from 25 mg/day to 100 mg/day during the first four weeks, in increments of 25 mg/week. This dosage was maintained unchanged to the end of the study. Treatment response was measured by the change from baseline to final value in 12th week of the study. Response to Lamotrigine was defined as clinical improvement in the obsessive-compulsive scores (>25% decrease in the total Y-BOCS score). The psychologist administered clinical rating. The patients attended five visits: Initial screening and interview, eligibility and randomization (week 0), and three further visits in weeks 4, 8 and 12. Y-BOCS was administered in weeks 0, 8 and 12. In each session, psychiatrists visited the patients to perform a complete physical examination, evaluate drug tolerance and address any unwanted adverse effects. We recorded and classified data in terms of onset, duration, severity, action taken and outcomes. Laboratory tests, including hematology, clinical chemistry, and urine analysis were performed on admission and at the end of adjunctive treatment. Blood pressure and heart rate were measured, and skin examination was done in all study visits. The Y-BOCS was used as a primary efficacy measure. The Yale-Brown obsessive-compulsive scale is an acceptable clinical checklist that is designed to rate the severity and type of symptoms of patients with OCD. This rating scale is designed for use as a semistructured interview. The rater should evaluate the items in the checklist and use the questions provided. The type of obsessions or compulsions does not influence it. Although Y-BOCS rely on the patient's report, the final rating is based on the clinical judgment of the rater. Y-BOCS is a 10-item scale, each item rating from zero (no symptoms) to four (extreme symptoms). The total range is from 0 to 40 with separate subtotal ranges for severity of obsessions and compulsions. Inter-rater reliability for the total Yale-Brown scale score and each of the 10 individual items is excellent. Y-BOCS has a high degree of internal consistency among all item scores demonstrated with Cranach'sαcoefficient.Findingssuggestthat the YaleBrown scale is a reliable instrument for measuring the severity of illness in patients with obsessivecompulsive disorder with a range of severity and types of obsessive-compulsive symptoms (35) . Prior to the beginning of the study, sample size was calculated to detect a 25% difference in improvement between Lamotrigine and placebo. Under the assumption of a significant level of 0.05 with a power of 0.80, a minimal sample size of 50 with 25 cases in each group was determined. Estimating a dropout rate of 25%, we decided to recruit 30 participants for each group. Data obtained from the study underwent check and quality control, and descriptive and inferential statistical analysis. A per-protocol analysis with lastobservation-carried-forward (LOCF) was performed. Continuous data were expressed by mean ‫‬ ± ‫‬ SD. The comparison between the groups at baseline and at the end of weeks was performed using the MannWhitney U test for two independent samples. The within-group differences in efficacy ratings between baseline and final test were analyzed by the Wilcoxon rank sum test. To measure the magnitude of the treatment's effect, effect size was provided using Cohen's d statistic, which gives a measure of the standardized differences in the mean values of change in scores between medications. Non ‫‬ -‫‬continuous data were expressed by percentages, and the comparison between the two groups was performed using the ChiSquare test. The statistical analysis was performed with SPSS 16.0 software (SPSS Inc, Chicago, IL, USA).
After a full explanation of the protocol design, all patients provided written informed consent. 
Results
Sixty patients with OCD, 17 men and 43 women, aged 16-60 years, fulfilled inclusion criteria and entered the study. Baseline characteristics, subtypes and daily dosages of SRIs and duration of disease are detailed in Table1. The completion rate was 88%, and 53 patients completed the study. Discontinuation rates in Lamotrigine and placebo group were 13% and 10%, respectively. There were seven dropouts, four in the Lamotrigine group and three in the placebo group. In the Lamotrigine group, one dropout was due to noncompliance, and the other three were because of side effects (development of a skin rash); in the placebo group, one was due to non-compliance with multiple visits and two due to a subjectively assessed lack of efficacy. The diagram is shown in Chart 1. Table 2 demonstrates the baseline and final values of the different variables in the Lamotrigine and placebo groups (LOCF). At the baseline (week 0), there were no significant differences in Y-BOCS between the two groups (P = 0.07). At the endpoint (week 12), significant differences were observed in obsession, compulsion, and total Y-BOCS scores between the Lamotrigine to placebo groups (P= 0.01, 0.005 and 0.007, respectively). The mean reductions in obsession, compulsion and total scores in the Lamotrigine group were about 4.15, 4.50 and 8.73, respectively. Similarly, the mean reductions in the placebo group were 2.52, 2.56 and 5.07, which is more noticeable in (Table 3) . Lamotrigine was well tolerated and no serious adverse effects were recorded. Only one patient in the lamotrigine group developed expanding erythematous rash over her chest, shoulders and back in the third week after starting the drug, which was completely resolved after holding Lamotrigine and supportive treatments. She was excluded from the study. Two other cases also developed much milder rashes over their bodies between weeks 8-10. In these cases, Lamotrigine therapy was suspended and they were excluded from the study after consulting a dermatologist. The most common adverse effects of Lamotrigine were headache (n = 5, 16%) and skin rash (n = 3, 10%). In the placebo group, the most common adverse effects reported by patients were constipation (n = 6, 20%) and weight gain (n = 1, 3.3%).
Table1. Demographic and Clinical Characteristics of the Patients
Lamotrigine Placebo
Patients (completers)
30 (26) 30 (27) Sex No (%) 
Chart1. Consort Flow Chart of Participants through Each Phase in the Study

Discussion
With respect to the positive evidence supporting the role of glutamatergic system in OCD, there is only one placebo-controlled study (with 20 patients in each group) and only one open label study and some case reports which have studied the augmentation therapy with Lamotrigine in SRIs-resistant patients. Considering the positive findings of these trials, we hypothesized that Lamotrigine is effective for treating OCD patients resistant to SRIs (5, 36) . This study is the second double-blind placebo controlled study that added Lamotrigine to the treatment regimen of SRIs-resistant patients. The results of this study demonstrated that augmentation with Lamotrigine is effective and superior to placebo in reducing obsessive and compulsive symptoms in SRIsresistant patients with OCD. At the end of the 12th week of the study, significant reductions were observed in obsessive and compulsive scores in the Lamotrigine group.
In an unblended randomize trial, Poyurovski and colleagues (36) added 200 mg Lamotrigine to the drug regimen of a group of schizophrenic and schizoaffective patients with obsessive-compulsive symptoms (Y-BOCS>16).
The clinical response considered reduction in YBOCS>35% from baseline assessment. They found that Lamotrigine was effective in reducing obsessive-compulsive symptoms (P = 0.033) and depressive symptoms (P = 0.013) of the patients without any significant reduction of their psychotic symptoms. Improvement of depressive symptoms was positively correlated with improvement of obsessive-compulsive symptoms. However, the questions about the role of Lamotrigine in depressive symptoms and its impact on the obsessivecompulsive symptoms remained unanswered. The dosage of Lamotrigine was in the range of the recommended dosage for treating affective disorders. The effectiveness of lamotrigine in depressive disorders has been reported in a number of studies (37) . Arrojo-Romero and colleagues reported the positive response to Lamotrigine in two resistant-to-treatment cases with OCD (34). Considering Bruno and colleagues' study (5) that found no response to placebo, they concluded that positive placebo response in moderate-to-server OCD cases are not likely and may be related to Lamotrigine augmentation effect. The cases in Bruno's study were only unresponsive to SRIs, but the cases who were presented in the mentioned case report were sever treatment-resistant patients with a long-lasting OCD and lack of response to multiple treatments with different classes of drugs. Despite Bruno and colleagues' study (5) , which claimed that placebo had no effect on Y-BOCS scores, some studies have reported positive placebo response in placebo-controlled studies of patients with OCD (21, 38).Grant and colleagues (21) examined the efficacy of 100 mg Riluzole, as an adjunctive therapy for moderate-to-severe treatment-resistant children and adolescents with OCD in a 12-week, double blind, and placebo-controlled study. All patients showed significant reductions in Y-BOCS scores but no significant difference was detected on Y-BOCS scores reduction between placebo and Riluzole group. Multitude of mechanisms contribute to placebo effects such as expectations, conditioning, learning, memory, motivation, somatic focus, reward, anxiety reduction and meaning, and improvement of symptoms in positive emotional states is likely(39); similarly, expectation might work in patients who might hope to get better, although they have said that there would be no response. Although Bruno and colleagues'(5) study showed effectiveness of adding Lamotrigine to SRIs in treatment-resistant patients with OCD, it did not report any positive responses in the placebo group. The effect sizes reported by them were higher than ours (0.54 Vs 2.4 for total score, 0.5 Vs 2.2 for obsessions and 0.45 Vs 1.6 for compulsions). We observed five cases of headache and three cases of skin rashes (10%) in the Lamotrigine group and six cases of constipation and one case of weight gain with placebo. The overall incidence of Lamotrigineinduced skin rash is 9.98% from prospective studies, 7.19% from retrospective studies, and 2.09% from post-marketing reports (40) . Despite the slow increasing of Lamotrigine dosage, significant rashes appeared in one case. It seems that developing skin rashes is the most important adverse event in this study. Although the prevalence of skin rash is nearly equal to the mentioned Meta-analysis (40) , the average dosage of Lamotrigine was lower in our study. On the other hand, although slow titration reduces the risk of developing skin rashes, it increases the waiting time for clinical responses to appear and might reduce the patients' adherence to treatment. Complications seen in this study are somehow comparable to those in Bruno and colleagues' (5). They reported four cases of sedation, two cases of fatigue, two cases of headache and one case of skin rash. In the placebo group, they reported three cases of nausea, two cases of headache and two cases of sedation. We did not find any unintended effects in either group. It can be claimed that Lamotrigine is safe and well tolerated, but major concerns persist about developing skin rashes, which calls for further investigations. It is not possible to generalize the results of this study to all patients. First, we selected a group of moderateto-severe patients with OCD. It is possible that higher response rates would have been achieved if we had selected less severe types of patients with OCD. Second, we did not classify the patients according to their phenomenological pattern (e.g., taboo, ordering).Subgroups of OCD may show different clinical responses to treatments. Third, comorbidity with other psychiatric disorders is common in patients with OCD (41), which was not considered in this study. Fourth, the treatment-resistant patients who had not responded effectively to any other treatment strategies were not included. Although most adult studies on bipolar disorder with Lamotrigine generally recommend doses between 200 and 400mg/day,thequestionthatremains is,'howto recommend 100 mg Lamotrigine for these patients? ' We selected 100 mg Lamotrigine because the previous double-blinded placebo-controlled study had chosen this dose for augmentation and it was claimed that 100 mg was significantly effective in reducing obsessivecompulsive symptoms. Therefore, we had no reason to choose a higher dose of Lamotrigine. In addition, the clinical response to Serotoninergic Antidopaminergic drugs (SADs) augmentation with SRIs in patients with OCD can be achieved by smaller doses of these drugs. Besides trying to impose fewer side effects, we decided to prescribe the minimum dosage that may be effective. Despite Bruno and colleagues' (5) study that considered positive response equal or more than 30% in Y-BOCS score, we considered 25%. It was somehow due to our clinical judgments that 25% reduction of symptoms would be clinically acceptable. In addition, we considered Y-BOCS (21 vs. 16) in comparison to the previous study to examine our hypothesis with more severe cases of patients with OCD.
Patients who received Lamotrigine as an augmenting agent revealed a wide spectrum of clinical responses. This phenomenon can somehow be explained by multineurotransmitter system involvement in OCD, meaning that response rate in a special patient may be related to synergistic power of glutamatergic agent, which can result in different clinical responses. Being able to anticipate clinical response to a special treatment regimen in an individual patient is challenging in OCD management, which if possible, can result in choosing the precise treatment regimen.
Limitations
This study had some limitations. First, the duration of this study was short. Second, the dose of Lamotrigine that was used in this study was only 100 mg. It is possible that further benefits in patients will be achieved with higher doses of Lamotrigine or longer duration of treatment. Although the duration of the study was compatible to similar studies (42, 43) , it seems to be insufficient to observe more effects of Lamotrigine. Third, we only used one method to measure the primary outcome. Finally, the clinical response to SRIs-treatment augmentation with SADs in patients with OCD can be achieved approximately in week 12 of the treatment (44) , but the placebo effect may become apparent sooner, although it weakens as time passes. Thus, the longer followup the patients receive, the greater effect size would be achieved. We excluded obsessive-compulsive patients who had some common comorbidities such as generalized anxiety disorder, depression, bipolar disorder, and other OCD spectrum disorders (45) . Lamotrigine is one of the first line FDA approved treatments for treating bipolar disorder (46) . Clinical studies have reported that about 10-15% of patients with OCD have comorbid bipolar disorders (45) . There are an increasing number of studies investigating efficacy of Lamotrigine in unipolar depression, anxiety disorders and schizophrenia (47, 48) . We implied that if further controlled studies prove Lamotrigine efficacy in OCD, it might take a significant role in the treatment of OCD and its challenging comorbidities . 
Conclusion
Our findings, similar to the previous double-blind placebo-controlled study that added Lamotrigine to ongoing treatment with SRIs, provide evidence that this augmentation therapy is well tolerated and may be an effective strategy; although the effect sizes between the two studies were different. It seems that further double-blind placebo-controlled studies, with a larger sample size, longer duration of follow-up and variable dosages of Lamotrigine are necessary.
